As an adult, Eustrongylides ignotus, recognized as a zoonotic parasite, is a parasitic nematode found in the gastrointestinal tract of fish-eating birds. As larvae, they are found in the connective tissue or body cavities of freshwater fish. In Japan, E. ignotus and E. tubifex have been found in three avian species, but their distribution in intermediate and paratenic hosts remains unclear. For this study, 16 commercial raw Japanese smelts, Hypomesus transpacificus nipponensis, were used for parasitological examination. A pinkish red worm collected from the abdominal wall of one smelt (6.3%) was identified as E. ignotus based on the high sequence similarity (99.9%) of the partial 18S ribosomal RNA gene and the morphology of its cephalic and caudal ends. Furthermore, a Raphidascaris-like nematode was found in the intestines of five smelts examined (31.3%) and was identified as R. gigi in view of the absence of lateral cuticular alae. Eustrongylides ignotus and R. gigi have been reported in various freshwater fish, but not in smelts. Therefore, this finding of E. ignotus and R. gigi in H. transpacificus nipponensis represents a new host record.
Adult Eustrongylides Jägerskiold, 1909, parasitic nematodes of the family Dioctophymatoidae Railliet, 1915, inhabit the mucosa of the gastrointestinal tract of fish-eating birds. As larvae, they inhabit the connective tissue or body cavity of various freshwater fishes, amphibians, and reptiles (Measures 1987) . Eustrongylides ignotus has been recognized as a zoonotic parasite (Centers for Disease Control 1982; Eberhard et al. 1989 , Wittner et al. 1989 , Narr et al. 1996 . In Japan, E. ignotus, E. tubifex, E. mergorum and E. elegans, of which the latter two species are considered synonyms and species inquirendae (Measures 1987) , have been found in three water birds (Morishita 1928; Yamaguti 1935b Yamaguti , 1941 Asakawa et al. 1997) , but their distribution in intermediate or paratenic hosts remains unclear. This study identified larvae of Eustrongylides-like nematodes in commercially caught raw Japanese smelts. Because discrimination among the Eustrongylides species is based on subtle morphological differences in adult worms (Measures 1987) , homology searching of the 18S ribosomal RNA gene (18S rDNA), as well as morphological observations were applied to identify the larvae. Results of the present study also showed for the first time the presence of Raphidascaris gigi in Japanese smelt and documented its morphological and molecular characteristics, as well as its habitat in Japanese smelt.
From a supermarket in Osaka City in February 2010, 16 commercial raw Japanese smelts landed in Lake Biwa, Japan were purchased for use in the present study. Each fish was cut carefully from around the pectoral to the cloaca using scissors to observe the body cavity and to extract the viscera. All collected nematodes were washed three times using phosphatebuffered saline (PBS) and were fixed in 70% ethanol for 24 h. After fixing, each nematode was cut at the anterior and poste-rior part of the body using a clean cover glass. Both ends of the body were cleared in lactophenol solution for morphological observation. The remainder of the central part of the body was used for genomic analyses, as described below. In cestodes, all samples were washed three times using PBS and soaked in distilled water at 4°С for a few hours to extend the worm. After extension, the worms were sandwiched between two pieces of slide glasses and dipped into 70% ethanol for 24 h. After fixing, the scolex, mature, and gravid proglottids were stained with carmine for microscopy, as reported previously (Abe 2009 ). The DNA was extracted and purified from the central part of the nematode and a piece of gravid proglottid using blood and tissue kits (DNeasy; Qiagen GmbH, Hilden, Germany) according to the manufacturer's instructions. The 18S nuclear ribosomal RNA gene (18S rDNA) region of the Eustrongylides-like larva was amplified using Sobo18SFWD and Sobo18SREV primers reported previously (Koehler et al. 2009 ). The small subunit ribosomal RNA gene (SSU rDNA) region including internal transcribed spacer 1 (ITS-1), 5.8S ribosomal RNA, and internal transcribed spacer 2 (ITS-2), and the large subunit ribosomal RNA gene (LSU rDNA) including the D2 and D3 divergent domains of the Raphidascaris-like nematode were amplified respectively using nemspec18SF, NC5, and NC2 primers, and #391, #390, #538, #501, #93 and #94 primers (Zhu et al. 1998 , Szostakowska et al. 2001 , Abe et al. 2005 , Nadler et al. 2005 . The internal transcribed spacer 2 (ITS-2) of the Proteocephalus-like cestode was amplified using Proteo1 and Proteo2 primers (Scholz et al. 2004) . Then PCR amplification was performed in a volume of 50 µl containing 1 × PCR buffer, 2 mM MgCl 2 , 250 µM of each dNTP, 0.5 µM of each primer, 1.25 units of TaKaRa Ex Taq Hot Start Version (TaKaRa Shuzo Co. Ltd., Otsu, Japan), and 5 µl of DNA sample. The PCR reaction was performed following conditions: samples were denatured at 95°C for 3 min; then they were subjected to 35 cycles of 94°C for 30 s, 48°C (53°C for Sobo18SFWD and Sobo18SREV primers, 50°C for primers targeting the LSU rDNA, 60°C for Proteo1 and Proteo2 primers) for 1 min, and 72°C for 2 min, with final extension at 72°C for 7 min on a thermocycler (GeneAmp PCR System 9700; Applied Biosystems, CA, USA). The PCR products were purified using a QIAquick Gel Extraction or a QIAquick PCR Purification Kit (Qiagen GmbH, Hilden, Germany), and were sequenced in both directions on an automated sequencer (ABI 3130; Applied Biosystems, Foster City, CA, USA). Sequence chromatograms from each strand were inspected (Sequencher Version 4.1; Gene Codes Corp., Ann Arbor, MI, USA). Then homology searching of the partial gene sequences that were obtained was performed using the FASTA program (EMBL; http://www.ebi.ac.uk/Tools/fasta33/ nucleotide.html). The sequences obtained in this study are available in the International Nucleotide Sequence Database (INSD, GenBank/DDBJ/EMBL) under accession numbers AB558480-AB558486.
A Eustrongylides-like larval nematode was found in one (6.3%) of the 16 smelts that were examined. This larva, which inhabited the capsule of the abdominal wall, was robust, pinkish red and about 3 cm long (Fig. 1A) . The larva retained a cuticle (Fig. 1B, see arrowhead) from its second stage, and its four visible circle cephalic papillae were well defined. Innercircle papillae were spine-like apices (Fig. 1B , see short arrow) and those of the outer circle were nipple-like apices (Fig. 1B, see long arrow) . The number of papillae appeared to be six in every circle, although the number of papillae was not confirmed by apical observation with light or scanning electron microscopy. The caudal extremity expanded into a muscular sucker (Fig. 1C) . The cuticular hem on the outer perimeter of the sucker was visible (Fig. 1C, see arrow) . Numerous caudal papillae were also visible on the dorsal field. The larva morphology resembled that of third-stage larvae of Eustrongylides ignotus from naturally infected mosquitofish (Gambusia holbrooki) (Coyner et al. 2003) . However, the diagnostic fragment of 18S rDNA (approximately 780-bp) was amplified in the larval DNA. Its sequence showed the highest similarity (99.9% within 758-bp overlap) with that of E. ignotus from Gambusia affinis (EU394732) reported previously (Koehler et al. 2009 ). Based on results obtained from morphological and molecular analyses, the larva from the Japanese smelt was identified as male E. ignotus. As reported in the literature, larvae of E. ignotus have been found naturally in 13 fish species (Gambusia holbrooki, G. (Coyner et al. 2002 , Koehler et al. 2009 , Xiong et al. 2009 ), but not in Osmeridae fishes. Therefore, this finding of E. ignotus in H. transpacificus nipponensis represents a new host record. Although eustrongylidiasis remains to be confirmed in Japan, further parasitological surveys in the intermediate (oligochaetes, fish), paratenic (amphibian, reptile), and final (birds) hosts are necessary to clarify the epizootiology of Eustrongylides nematodes in Japan.
affinis, Poecilia latipinna, Heterandria formosa, Lucania goodei, Xiphophorus variatus, Lepomis macrochirus, L. gulosus, Micropterus salmoides, Lepisosteus platyrhincus, Cyprinodon variegatus, Pomoxis nigromaculatus, and Monopterus albus
In this study, Raphidascaris-like nematodes were also found in five (31.3%) of the 16 smelts examined. The number of nematodes per host was 1-4. All nematodes inhabited the intestine. Some nematodes were about to exit from the cloaca of the smelt (Fig. 1D, see arrow) . Female nematodes were stout, yellowish and about 2 cm long. Their digestive and generative organs were visible in live samples (Fig. 1E) . Three lips without cuticular expansions and the ventricular appendix were present. The vulva, in the anterior region of the body and in the tail of the female, was conical. Eggs were numerous in the uterus. Thin-shelled eggs produced naturally in PBS from the nematodes were 50-57.5 (avg. 52.5) µm (n = 30). Male nematodes were about 1 cm long, with two slender, sharply pointed spicules of equal size. According to a previous report (Smith 1984) , two Raphidascaris species, R. acus and R. gigi, parasitize freshwater fishes. All Raphidascaris-like nematodes collected in this study were identified as R. gigi in the absence of lateral cuticular alae. Sequences of the partial SSU rDNA (1304-bp) and LSU rDNA (1033-bp) in four nematode samples (two males and two females) from different smelts were mutually identical at every locus. Homology searching of the partial SSU rDNA and LSU rDNA showed 78.0% (within 652-bp overlap) and 92.8% (within 1031-bp overlap) similarities, respectively, with those of R. trichiuri (FJ009682) and R. acus (AY821772), although only five sequence data are available in the INSD (three in R. acus, two in R. trichiuri) for the Raphidascaris nematode. The literature shows that R. gigi has been found naturally in adult or larval form in 12 fish species (Leuciscus hakuensis, Leucogobio mayedae, Opsarichthys uncirostris, Chloea castanea, Sarcocheilichthys variegatus, Cottus reinii, Plecoglossus altivelis, Pelteobagrus nudiceps, Gnathopogon elongatus, Salmo irideus, S. gairdneri, Oncorhynchus masou) (Fujita 1928; Kataoka and Momma 1934; Yamaguti 1935a; Nagasawa 1989, 2002) , but not in Osmeridae fishes. Therefore, the finding of R. gigi in H. transpacificus nipponensis also represents a new host record. Raphidascaris gigi (syn. R. biwakoensis, R. plecoglossi) is endemic to Lake Biwa, Japan, where it takes the cladoceran Leptodora kindti as a planktonic intermediate host (Moravec et al. 1998) . As an adult, this nematode inhabits the stomach or intestine of Pelteobagrus nudiceps, Plecoglossus altivelis, Salmo irideus, S. gairdneri, and Oncorhynchus masou (Fujita 1928; Kataoka and Momma 1934; Yamaguti 1935a; Nagasawa 1989, 2002) . In the present study, all R. gigi nematodes were found in the intestine and also developed morphologically, suggesting that the Japanese smelt, H. transpacificus nipponensis, also plays a role as a definitive host of this nematode. However, R. gigi was found in P. altivelis in adult (inhabiting the intestine) and larval form (inhabiting the abdominal cavity) (Fujita 1928, Kataoka and Momma 1934) , implying that the Japanese smelt is also an intermediate or paratenic host of this nematode. Further parasitological surveys of Japanese smelt are necessary to confirm this speculation.
Aside from both nematodes described above, Proteocephalus-like cestodes were also found with high prevalence (14/16, 87.5%) in Japanese smelt. The number of cestodes per host was 1-11, with an average of 5. Morphological characteristics of the scolex, mature proglottid, and eggs of the cestode resembled those of P. tetrastomus reported previously (Shimazu 1990 , Scholz et al. 2004 . Partial sequences (1382-bp) of the ITS-2 locus in two cestodes from different smelts were mutually identical and showed 100% and 99.9% similarities (within 732-bp overlap) with those (AY379113, AY 379114) of P. tetrastomus from rainbow smelt (Osmerus mordax) in North America (Scholz et al. 2004) , suggesting that cestodes found in the present smelt were P. tetrastomus.
Morphological observation remains a gold standard method for the identification of helminthes. However, this method is sometimes not applicable to identify the larval or adult form at the species level because of their subtle morphological differences and sample damage. As the results of present and previous (Scholz et al. 2004 ) studies suggest, molecular methods such as sequencing analysis applied in the present study are helpful tools for the accurate identification of morphologically similar helminthes. Sequence data of fish helminthes available in the INSD are fewer than those related to fish protozoa and other vertebrate helminthes. For example, only two sequence data including the present data in the genus Eustrongylides are available in the INSD. In the genus Eustrongylides, many species have not yet been identified as either synonymous or valid species (Measures 1987) . The classification of such uncertain species might be clarified if their nucleotide sequences were available. Therefore, sequence deposition of such uncertain species is necessary to clarify their classification.
